Background/Objectives: High protein intake has been associated with increased growth. This may be linked to increased concentrations of insulin-like growth factor I (IGF-I), which seems to be influenced by the diet, especially its protein component. The short-term effects of high protein intake in late infancy are not known. The objective was to investigate the effects of high protein intake in the form of whole milk (WM) on growth and IGF-I from 9 to 12 months of age. Subjects/Methods: Healthy infants (n ¼ 83) were randomized to receive either WM or infant formula and fish oil or no fish oil (2 Â 2 design). Anthropometric variables, IGF-I concentrations, serum urea nitrogen (SUN) and diet were recorded before and after the intervention. Results: Intake of WM significantly increased the protein energy percentage (PE%; Pp0.001) and SUN (P ¼ 0.01), whereas there was no effect on size. The milk intervention increased IGF-I in boys (P ¼ 0.034) but not in girls. Intake of fish oil had no effect on the outcomes. Including all infants in the analysis there was a significant correlation between weight and IGF-I at 12 months (r ¼ 0.316, P ¼ 0.017), and PE% was positively associated with IGF-I after adjusting for sex and breastfeeding at both 9 (r ¼ 0.329, P ¼ 0.015) and 12 months (r ¼ 0.272, P ¼ 0.044). Conclusions: Randomization to WM had no overall effect on growth. However, the positive effect of WM on IGF-I in boys and the positive association between PE% intake and IGF-I at 9 and 12 months is consistent with the hypothesis that a high milk intake stimulates growth.
Introduction
Infancy is a vulnerable period of rapid growth and development. In early life, growth is a sensitive indicator of health and nutrition, and growth in early childhood is related to health in later life. Milk is one of the main dietary components during the complementary feeding period. Most countries recommend that cow's milk should not be introduced before the age of 12 months (Michaelsen et al., 2007) . However, according to official recommendations from Denmark (The National Board of Health, Denmark, 2005) , Sweden (Axelsson et al., 1999) and Canada (Canadian Paediatric Society, 2005) , whole cow's milk can be introduced from the age of 9 or 10 months. One of the major differences between whole milk (WM) and infant formula (IF) is that WM contains roughly twice as much protein as IF (22 protein energy percentage (PE%) vs 10 PE%, respectively).
When the infant changes from a diet of breast milk or IF to family foods, the protein intake increases markedly: PE% is around 5% in breast milk (Michaelsen et al., 1990) and about 12-15 PE% in a typical family diet. Milk is one of the primary sources of protein for young children and 0.5 l of WM accounts for about 50% of the protein intake for a 1-year-old child. The source of milk is therefore a major determinant of protein intake.
Protein intake has been associated with a higher growth velocity in infancy (Axelsson et al., 1989; Heinig et al., 1993) , and a high growth velocity during early childhood is associated with an increased risk of developing overweight, type 2 diabetes and cardiovascular disease later in life (Eriksson et al., 2001 (Eriksson et al., , 2003 Singhal and Lucas, 2004 ), but causality is uncertain. Breastfed infants generally grow slower and are leaner than formula-fed infants (Dewey et al., 1992 (Dewey et al., , 1995 Heinig et al., 1993; Michaelsen et al., 1994; Nielsen et al., 1998; Agostoni et al., 1999) . The difference may be explained by the difference in protein content between breast milk and IF.
The positive association between protein intake and growth might be mediated by insulin-like growth factor I (IGF-I). Concentrations of IGF-I can be influenced by energy, protein and certain micronutrients (Dardevet et al., 1991; Smith et al., 1995) . Breastfed infants have lower IGF-I concentrations than those receiving IF (Savino et al., 2005; Chellakooty et al., 2006) , and fasting has a pronounced negative effect on IGF-I concentration in adults (Isley et al., 1983 (Isley et al., , 1984 Clemmons et al., 1985) . Also, the kind of protein may be important: we have demonstrated higher IGF-I concentrations in 8-year-old boys receiving a high protein intake from milk than in those on a meat-based high-protein diet (Hoppe et al., 2004a) .
Intervention studies on the effect of the diet on growth during the complementary feeding period are rare. Diet has a strong influence on growth velocity during this period but our current knowledge regarding the effect of specific foods is very limited. We conducted a randomized trial to investigate the hypothesis that ingestion of WM compared to IF as the primary milk source for 3 months would affect growth or the IGF-I concentrations in 9-month-old infants. The study was performed as a 2 Â 2 design also with a fish oil intervention and no interactions on the outcomes were expected.
Subjects and methods

Subjects and trial
The study was approved by the Ethical Committee of the Municipalities of Frederiksberg and Copenhagen (J. no. KF02-014/03) and has been registered at the US National Library of Medicine (http://clinicaltrials.gov; Id. NCT00379171).
The study has been described in detail elsewhere (Damsgaard et al., 2006) . Briefly, participants were recruited from the Danish CPR registry. The inclusion criteria were 9 months of age and healthy at time of inclusion, singleton birth, normal birth weight (42500 g), no preterm birth (X37 week of gestation), no major pregnancy or birth complication, a 5-min Apgar score of X7 and daily consumption of IF or WM. A total of 94 infants were included in the study, which featured a 2 Â 2 factorial design. Infants were randomized to receive either WM or IF (WM, IF) and either a daily fish oil supplement (5 ml/day) or no supplement ( þ FO, ÀFO). There were no recommendations on the amount of milk intake. Those still breastfed continued to do so. Any IF on the Danish market with a protein content p1.5 g/100 ml was acceptable. The lower limit is 1.1 g/100 ml according to the EU-directive. The two most common IF used by the parents contained 1.2 or 1.5 g/100 ml. Infants were randomized into blocks of 12 individuals resulting in the 46 and 48 infants in the WM and IF groups, respectively. Of the infants, 83 completed the study with 38 in the WM group and 45 infant in the IF group. Iron supplementation was recommended to infants consuming o400 ml/day of iron-fortified IF to avoid the risk of iron deficiency in accordance with the national recommendations.
Measurements
Infants were examined at 9 (baseline) and 12 months (end) of age. The weight was measured to an accuracy of 1 g on a paediatric infant scale (Sartorius IP 65; Bie & Berntsen AS, Rødovre, Denmark). Recumbent length was measured three times to the nearest millimetre on an electronic measuring board (Force Technology, Brøndby, Denmark). The results are given as mean of the three measurements. Blood samples (4 ml) taken from the forearm were collected in heparinconditioned test tubes (3 ml) and EDTA tubes (1 ml). Mean fasting time before blood sampling was 2.5 h. Serum urea nitrogen (SUN) was determined colourimetrically (Cobas Mira; Roche, Basel, Switzerland). SUN measurements were available for 40 children (48%) on both occasions. Serum IGF-I concentrations were assessed by automated chemiluminescent immunoassay (IMMULITE 1000; DPC Biermann GmbH, Bad Nauheim, Germany) after pretreatment with acid (Bang et al., 1991) . Inter-and intra-assay precision coefficient of variation (CV) were o9 and 3%, respectively. IGF-I determinations were available from 47 infants (57%) on both occasions. IGF-binding protein 3 (IGFBP-3) was measured by automated chemiluminescent immunoassay (IMMULITE 1000; DPC Biermann GmbH, Bad Nauheim, Germany). Inter-and intra-assay precision CV were o6 and 3%, respectively.
Parents recorded the diet of the children at 9 and 12 months over 7 consecutive days by use of a precoded dietary record developed for children (Ulbak et al., 2004) . Portion sizes were estimated from a portion size photo series, nutritional calculations were made with GIES software (version 0.993B, the Danish Institute for Food and Veterinary Research).
Statistics
Statistical analyses were performed with SPSS (version 15.0; SPSS Inc., Chicago, IL, USA). Results are shown as mean±s.d. for descriptive variables. The significance level was set to 0.05. Residual plots and Cook's distance were used for model verification and identification of outliers. Partial correlation and linear regression were used to identify dose-dependent relationships between variables (growth, blood parameters and diet variables), controlling for sex and in analyses for IGF-I also for breastfeeding. Differences in variables at baseline between the sexes and milk groups were tested by Student's t-test or the Mann-Whitney U-test. Differences between intervention groups in the outcomes (growth, blood and diet variables) at 12 months were investigated by multiple linear regression using general linear models including the intervention groups (( þ FO, ÀFO) and (WM, IF)) and sex as fixed factors and full factorial interaction terms in the start models. The baseline value of the dependent variable was entered as a covariate as well as breastfeeding for the IGF-I analysis. Nonsignificant factors and variables were excluded in the final models. If these models revealed significant differences between the sexes, the data for each sex were analysed separately by ANOVA. With approximately 60 infants in the randomized groups, the study was powered to show a difference of about 0.7 Â s.d. in the measured outcome variables with a power of 80%.
Results
The only significant difference between the milk groups was a lower prevalence of any breastfeeding from 9 to 12 months in the IF group than in the WM group (Tables 1-3) . At 12 months, when very few infants were still being breastfed, there were no significant differences in breastfeeding frequencies. At both 9 and 12 months the boys were larger than the girls (Pp0.001; data not shown) and had lower levels of IGF-I and IGFBP-3 (Table 3 ).
Effect of intervention
The effect of the milk intervention on the variables (weight, length, increase in weight and length, dietary intake variables and blood parameters) was investigated by multiple linear regression including possible combined effects of sex and milk-and FO-intervention groups, controlling for baseline values at 9 months. Fish oil supplementation had no effect on any of the outcomes.
There was no effect of the milk intervention on change in weight or length. The energy intake at 12 months was significantly higher for boys than girls (P ¼ 0.002) but there was no effect of the milk intervention on energy intake. For the other dietary variables (PE%, intake of WM and WMproducts, and IF) there was a significant difference between the group randomized to WM and that receiving IF adjusted for baseline values, as expected. Randomization to WM corresponded to a PE% which was 2.7% higher compared to the IF group. The infants in both groups consumed about 300 ml IF or WM per day which corresponded to 17 or 30% of the daily protein intake, respectively (data not shown).
SUN, an indicator of protein intake, was significantly increased by the milk intervention (P ¼ 0.01) after exclusion of one boy who was considered an outlier (Cook's distance and standardized residual (z-re)X3.0). Randomization to WM resulted in a 17% higher SUN concentration compared to the IF group with adjustment for baseline values. When all subjects were included there was a trend for difference between milk groups (P ¼ 0.1).
The milk intervention had no significant effect on the IGF-I concentration. Inclusion of breastfeeding during the intervention period as a covariate in the analysis did not influence the results. However, two outlying cases were identified (Cook's distance and z-reX3). The milk groupsex interaction significantly affected the IGF-I concentration (P ¼ 0.04). Analysis of possible differences in IGF-I concentration between the milk groups was therefore performed separately for boys and girls. For the girls there were no differences between the milk groups, but for the boys randomization to WM resulted in a 27% higher IGF-I concentration ( þ 12 ng/ml) than in the IF group. Estimated means for boys and girls adjusted for baseline values are presented in Figure 1 . The milk intervention had no effect on the IGFBP-3 concentration.
Cross-sectional analysis
Associations between diet and blood variables, between diet and attained size and between attained size and blood variables with adjustment for sex were investigated at 9 and 12 months of age (Tables 4 and 5) . At 9 months, there was no significant correlation between size and blood variables or dietary variables. SUN was positively correlated with energy intake and intake of WM and WM products (both Po0.01), but not with PE%. There was a significant positive correlation between IGF-I and PE% (P ¼ 0.015) and IGF-I and intake of WM and WM products (P ¼ 0.008) adjusted for sex and duration of full breastfeeding.
At 12 months, weight was significantly positively associated with IGF-I (P ¼ 0.017), DIGF-I from 9 to 12 months (P ¼ 0.042) and IGFBP-3 (P ¼ 0.009). The increase in length was significantly negatively associated with DIGF-I (P ¼ 0.046) but not after adjustment for IGF-I at 9 months. The correlation between increase in length and SUN at 12 months was close to significance (P ¼ 0.053). The weight gain was correlated with SUN at 12 months (P ¼ 0.028) and tended to be positively associated with IGF-I at 12 months (P ¼ 0.088). The estimated daily intake of WM products was significantly associated with SUN at 12 months (P ¼ 0.002; Figure 2 ). This was expected as SUN is known to be a reliable biomarker of protein intake (Axelsson et al., 1987) . SUN was also significantly positively correlated with PE% (P ¼ 0.001). Whole milk vs infant formula in late infancy A Larnkjaer et al At 12 months, there was a significant association between IGF-I and PE% (P ¼ 0.044) controlled for breastfeeding during the intervention and sex (Figure 3) . Adjustment for breastfeeding in the other IGF-I analyses had no effect.
Discussion
We found no effect of milk type on growth in this 3-month intervention study. However, WM seemed to increase the IGF-I concentration in boys and a growth-stimulating effect of WM was consistent with the positive association between PE% and IGF-I at both 9 and 12 months. The study also included a fish oil supplementation intervention. However, no effect of the fish oil intervention was observed on any of the outcomes as expected.
According to our hypothesis, increased protein intake from milk would affect growth. Nevertheless, no differences in weight or length were found between the groups. This could be due to the relatively short intervention period. IGF-I is often used as a sensitive marker of growth. Our milk 
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Figure 2 SUN (serum urea nitrogen) concentration as a function of intake of whole milk and whole milk products at 12 months (n ¼ 52). Symbols represent data from the whole milk (WM; K) and infant formula groups (IF; J) groups. The fitted line with 95% CL has a coefficient of 0.002 ± 0.001 mM (b ± s.e.) after adjustment for sex. intervention resulted in a higher concentration of IGF-I in the boys, whereas there was no effect of the milk intervention on the girls. Physiological differences between the sexes regarding IGF-I metabolism exist. We found higher IGF-I concentrations in girls, which is consistent with results from other studies (Kaplowitz et al., 1982; Juul et al., 1997; Garnett et al., 1999; Kawai et al., 1999; Hoppe et al., 2004b, c; Bereket et al., 2006) . The metabolism of IGF-I also seems to differ between boys and girls as it was found that 9-year-old boys excreted more urine (u) IGF-I per unit u growth hormone (GH) than the girls of the same age (Fall et al., 2000) . This indicates that boys are more sensitive to GH than are girls, generating relatively more uIGF-I in relation to uGH. Our previous intervention study, in which a high intake of milk during a week was associated with an increase in IGF-I, only included boys and we therefore do not know whether the effect on girls would have been different (Hoppe et al., 2004a) . The sex difference is however consistent with the apparent greater sensitivity of boys to nutritional interventions during infancy seen in studies of preterm infants (Cooke et al., 1998; Lucas et al., 2001) .
Breast-fed infants have lower IGF-I concentrations than formula-fed infants (Savino et al., 2005; Socha et al., 2005; Chellakooty et al., 2006) . As the prevalence of breastfeeding from 9 to 12 months was higher in the WM group, this might diminish the effect of the milk intervention. However, including breastfeeding in the analysis had no effect. There was no effect on the IGFBP-3 concentrations. An increase might have been expected as a previous study showed that a high milk intake in 8-year-old boys increased the IGFBP-3 level (Hoppe et al., 2004a) .
Despite the lack of an effect of the milk intervention on growth, the study enabled us to examine cross-sectional relationships between diet, growth and IGF-I concentrations in healthy, well-nourished infants. IGF-I concentrations were associated with protein intake expressed as PE% after adjustment for breastfeeding at both 9 and 12 months. This indicates that a high protein intake increases IGF-I concentration in healthy infants.
Some of our data from the cross-sectional analysis support the existence of a growth-stimulating effect of high protein intake (Nielsen et al., 1998; Hoppe et al., 2004b, c) . Weight at 12 months was positively associated with IGF-I and an increase in IGF-I from 9 to 12 months. Furthermore, SUN, a proxy for protein intake, was positively associated with the increase in weight, and the association with length gain from 9 to 12 months was close to significance. The negative association between length gain and change in IGF-I was no longer significant when adjusted for IGF-I at 9 months indicating that those who had a high IGF-I levels at 9 months and lower increase in IGF-I from 9 to 12 months showed a high length gain.
The potential long-term health effects of introducing WM at 9 months have not been explored. The risk of obesity may be relevant, according to the protein-adiposity hypothesis, which postulates that a high protein intake during infancy and early childhood increases the risk of obesity (RollandCachera et al., 1995; Agostoni et al., 2005; Michaelsen et al., 2007) . Some studies have supported this hypothesis (Rolland-Cachera et al., 1995; Scaglioni et al., 2000) but some have not (Vobecky et al., 1983; Dorosty et al., 2000; Hoppe et al., 2004b) .
In Iceland, a high protein intake from 6 to 12 months was positively correlated with body mass index (BMI) at 6 years in boys but not in girls (Gunnarsdottir and Thorsdottir, 2003) . This sex difference is interesting as the present study also found that a higher PE% had an effect in boys but not in girls. Results from the DONALD study showed that a high protein intake in early childhood was associated with higher BMI and percentage body fat at 7 years of age (Gunther et al., 2007) . However, as both these studies were observational, causality could not be proven.
Introduction of WM instead of IF as the primary milk source resulted in an expected rise in the PE% (14.2 vs 11.4%, respectively), but that difference may only persist until the age of 1 year, when most children start to consume WM. Therefore, the long-term effects of introducing WM at 9 months may not be comparable with the aforementioned studies. Furthermore, some studies have suggested that milk intake is inversely associated with later body weight and obesity (Heaney et al., 2002; Zemel, 2003) .
The study has some strengths and limitations. Randomization to WM resulted in a significantly higher PE%, and the SUN concentration was significantly higher in the WM group than in the IF group, indicating good compliance in the trial. Difficulties in obtaining blood samples meant that the number of children from whom data on blood variables were available was lower than expected which is the major limitation of the study, and findings caused by random PE adjusted for BF and sex at 12 mo (%) 20.00 18.00 16.00 14.00 12.00 10.00 8.00 IGF-I adjusted for BF and sex at 12 mo (ng/ml) 125.00 100.00 75.00 50.00 25.00 0.00 Figure 3 Insulin-like growth factor (IGF-I) vs protein energy (PE) percentage at 12 months, (n ¼ 57). Symbols represent data from boys (K) and girls (J). The fitted regression line with 95% CL has a coefficient of 2.94 ± 1.4 ng/ml (b ± s.e.) after adjustment for sex and breastfeeding (BF).
effects cannot be excluded. With the number of infants included, the study was able to show a difference of 0.7 s.d.
In summary, despite the milk intervention having no effect on growth, the results from the milk intervention in boys and the cross-sectional analyses of infants at 9 and 12 months of age suggest that high protein intake, that is, milk at this age, is positively associated with IGF-I concentrations in well-nourished infants. The long-term effects of a high protein intake during the period from 9 to 12 months, and thereby early introduction of whole cow's milk are not known. Some studies suggest that the IGF-I axis is programmed in early life (Martin et al., 2007; Michaelsen et al., 2007) , but it is not known whether late infancy is also a sensitive period for this programming. Thus, there is a need for studies examining the long-term effects of protein and milk protein intake during the complementary feeding period.
